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MAGNETIC HEAD AND MANUFACTURING METHOD THEREFOR 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to recording thin-film 
magnetic heads used, for example, in floating type magnetic 
heads. More particularly, the present invention relates to 
a thin-film magnetic head generating leakage flux at a 
satisfactory location in the vicinity of a gap layer so as 
to fulfill the requirements for high recording density and 
high recording frequency, and relates to a manufacturing 
method therefor. 

2. Description of the Related Art 

Fig . 31 is a partial front view showing the structure 
of a conventional thin-film magnetic head (inductive head) , 
Fig . 32 is a partial cross -sectional view of the thin- film 
magnetic head taken along the line 32-32 in Fig. 31 and 
observed from the direction indicated by the arrow shown 
therein . 

Reference numeral 1 in Figs. 31 and 32 indicates a 
lower core layer composed of a magnetic material such as a 
permalloy, and an insulating layer 9 is formed on the lower 
core layer 1 . 

A groove 9a extending from an opposing face 
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(hereinafter referred to as the ABS surface) opposing a 
recording medium in a height direction (the Y direction in 
the figure) is formed in the insulating layer 9, and the 
inside width of the groove 9a is equivalent to a track width 
Tw . 

In the groove 9a, a lower magnetic layer 3 magnetically 
coupled with the lower core layer 1, a gap layer 4, and an 
upper magnetic layer 5 magnetically coupled with an upper 
core layer 6 are sequentially formed from the bottom by 
plating - 

As shown in Fig, 31, the upper core layer 6 is formed 
on the upper magnetic layer 5 by plating. 

As shown in Fig. 32, a coil layer 7 patterned in the 
spiral form is formed on the insulating layer 9 at a place 
extending from the groove 9a formed in the insulating layer 
9 in the height direction (the Y direction in the figure) . 

The coil layer 7 is covered with a coil insulating 
layer 8 composed of a resist or the like, and the upper core 
layer 6 is formed on the coil insulating layer 8. The upper 
core layer 6 is magnetically coupled with the upper magnetic 
layer 5 at a front portion thereof and is magnetically 
coupled with the lower core layer 1 at a base portion 6b of 
the upper core layer 6. 

In the inductive head shown in Figs. 31 and 32, when a 
write current is applied to the coil layer 7, a recording 
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magnetic field is induced in the lower core layer 1 and the 
upper core layer 6, so that a magnetic signal is written on 
a recording medium such as a hard disk by a magnetic field 
leakage generated from a gap between the lower magnetic 
layer 3 magnetically coupled with the lower core layer 1 and 
the upper magnetic layer 5 magnetically coupled with the 
upper core layer 6. 

In the inductive head shown in Figs. 31 and 32, in the 
vicinity of the ABS surface (the face opposing a recording 
medium), the lower magnetic layer 3, the gap layer 4, and 
the upper magnetic layer 5, having widths equivalent to the 
track width in some parts thereof are formed, whereby the 
inductive head mentioned above can be applied to a narrower 
track width configuration. 

A method for manufacturing the inductive head shown in 
Figs. 31 and 32 will be described. The insulating layer 9 
is formed on the lower core layer 1, and the groove 9a 
having the width equivalent to the track width Tw and a 
predetermined length extending from the ABS surface in the 
height direction is formed in the insulating layer 9. 

Next, in the groove 9a, the lower magnetic layer 3, the 
gap layer 4 and the upper magnetic layer 5 are sequentially 
formed by plating, and the coil layer 7 having a pattern is 
subsequently formed on the insulating layer 9 in a posterior 
region (in the height direction) of the groove 9a formed in 
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the insulating layer 9. 

In addition, the coil insulating layer 8 is formed so 
as to cover the coil layer 1, and the upper core layer 5 is 
continuously formed on the upper magnetic layer 5 and the 
coil insulating layer 8 by flame plating, whereby the 
inductive head shown in Figs. 31 and 32 is completed. 

In the thin-film magnetic head shown in Figs. 31 and 32, 
as described above, when a write current is applied to the 
coil layer 7, a recording magnetic field is induced in the 
lower core layer 1 and the upper core layer 6, and magnetic 
flux flows into the lower magnetic layer 3 and the upper 
magnetic layer 5. 

However, as shown in Fig. 32, lengths Tl of the lower 
magnetic layer 3, the gap layer 4, and the upper magnetic 
layer 5 extending from the ABS surface to the back ends 
thereof in the height direction are equal to each other. 

The length Tl is called a gap depth (Gd) , and in 
conventional thin-film magnetic heads, the length of Tl must 
be very short in order to increase the leakage flux from the 
gap layer 4 . 

However, in the thin-film magnetic head shown in Fig. 
32, as described above, since the lengths Tl of the lower 
magnetic layer 3, the gap layer 4, and the upper magnetic 
layer 5 extending from the ABS surface to the back ends 
thereof in the height direction are formed to be equal to 
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each other, when the Tl is formed to be shorter, an area of 
an interface between the upper core layer 6 and the upper 
magnetic layer 5 is accordingly smaller. Conseguently , the 
magnetic flux flowing into the upper core layer 6 is 
restricted at the interface mentioned above, and the 
magnetic flux is in a state of magnetic saturation, before 
reaching the gap layer 4. That is, leakage flux is 
generated at a location other than the vicinity of the gap 
layer 4, and particularly when recording freguency is 
increased, there is a problem in that accurate recording 
cannot be performed. 

In the thin-film magnetic head shown in Figs. 31 and 32, 
in order to suppress the generation of write fringing, a 
distance HI in the vicinity of the ABS surface from the 
upper surface of the lower core layer 1 to the bottom 
surface of the upper core layer 6 must be larger. 

However, when the distance HI is larger, the magnetic 
flux is more likely to be in a state of magnetic saturation 
before reaching the gap layer 4. As has thus been described, 
the structure of the conventional thin-film magnetic head 
cannot have superior magnetic flux flow while suppressing 
the generation of write fringing. 

SUMMARY OF THE INVENTION 

In order to solve the problems described above, an 
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object of the present invention is to provide a thin-film 
magnetic head capable of performing accurate magnetic 
recording by reliably generating leakage flux from the gap 
layer, particularly when narrower track width configuration 
is desired, and to provide a manufacturing method therefor. 

A thin-film magnetic head of the present invention 
comprises a lower core layer, a gap layer formed on the lower 
core layer with or without a lower magnetic layer disposed 
under the gap layer, an upper magnetic layer for determining 
a track width formed on the gap layer, in which the width of 
the upper magnetic layer is smaller than that of the lower 
core layer, an upper core layer formed on the upper magnetic 
layer, and a gap depth (Gd) determining insulating layer for 
determining a gap depth which is a distance in a height 
direction of an interface between the gap layer and the 
upper magnetic layer, in which the Gd determining insulating 
layer is disposed in a posterior region extending from an 
opposing face opposing a recording medium in the height 
direction, wherein a contacting face between the upper 
magnetic layer and the Gd determining insulating layer is 
provided at a location deeper in the height direction than 
the location at which the gap depth is formed. 

In the present invention, the Gd determining insulating 
layer, which determines the gap depth, is provided in the 
posterior region extending from the opposing face (the ABS 
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surface) in the height direction. The end of the interface 
in the height direction between the gap layer and the upper 
magnetic layer is provided so as to be in contact with a 
front edge face of the Gd determining insulating layer, 
whereby the gap depth is determined. 

In the thin-film magnetic head of the present invention, 
the contacting face between the upper magnetic layer and the 
Gd determining insulating layer is preferably formed so as 
to be gradually deeper in the height direction from the 
bottom to the top of the contacting face than the location 
at which the gap depth is formed. That is, the back end of 
the upper magnetic layer in the height direction can be 
extended onto the Gd determining insulating layer. 
Accordingly, the area of the interface between the upper 
core layer and the upper magnetic layer can be increased, 
and the volume of the upper magnetic layer can also be 
increased. As a result, restriction of the magnetic flux 
flowing through the upper core layer at the interface can be 
suppressed, and since the magnetic flux easily flows in the 
upper magnetic layer, saturation of the magnetic flux before 
reaching the gap layer can be prevented. 

That is, in the present invention, leakage flux can be 
reliably generated from the gap layer, and even when 
recording frequency is increased, accurate recording can be 
performed . 



In the present invention, the back end of the upper 
magnetic layer is extended deeper in the height direction 
than that of the conventional upper magnetic layer. However, 
the back end of the gap layer is determined by the front 
edge face of the Gd determining insulating layer, so that 
the area of the gap layer can be maintained to be small . 
Consequently, leakage flux from the gap layer cannot be 
reduced . 

In the thin-film magnetic head of the present invention, 
a curved face or an inclining face (hereinafter, a "curved 
face" and an "inclining face" collectively called a "sloping 
face") of the Gd determining insulating layer may be formed 
so as to be gradually deeper in the height direction from 
the bottom to the top of the sloping face than the location 
at which the gap depth is formed, and the upper magnetic 
layer may be continuously formed on the gap layer and the 
sloping face of the Gd determining insulating layer. 

An angle formed by the upper surface of the lower core 
layer and a virtual plane including the top edge and the 
bottom edge of the contacting face between the gap layer and 
the gap depth determining insulating layer is preferably in 
the range of about 45 to 90°. 

When the angle formed by the upper surface of the lower 
core layer and the virtual plane including the top edge and 
the bottom edge of the contacting face between the gap layer 
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and the gap depth determining insulating layer is less than 
about 45°, variation in the gap depth is larger when the 
thickness of the gap layer varies, and sagging in the gap 
layer is likely to occur in the vicinity of the contacting 
face between the gap layer and the Gd determining insulating 
layer - 

In addition, when the angle formed by the upper surface 
of the lower core layer and the virtual plane including the 
top edge and the bottom edge of the contacting face between 
the gap layer and the gap depth determining insulating layer 
is more than about 90°, recesses may be generated in the 
upper magnetic layer, and hence, flow of magnetic flux in 
the upper magnetic layer is restricted, and recording 
characteristics of the magnetic head may be degraded- 
It is more preferable that the angle formed by the 
upper surface of the lower core layer and the virtual plane 
including the top edge and the bottom edge of the contacting 
face between the gap layer and the gap depth determining 
insulating layer be not more than about 80°, since the 
problem described below can be prevented. The problem 
mentioned above is caused by a resist penetrating into the 
lower magnetic layer and the gap layer, and as a result, the 
track width of the magnetic head not being controllable, as 
described later in a manufacturing method for the thin-film 
magnetic head of the present invention- 
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An angle formed by the upper surface of the lower core 
layer and a virtual plane including the top edge and the 
bottom edge of a contacting face between the lower magnetic 
layer and the gap depth determining insulating layer is 
preferably in the range of about 4 5 to 90° . 

When the angle formed by the upper surface of the lower 
core layer and the virtual plane including the top edge and 
the bottom edge of the contacting face between the lower 
magnetic layer and the gap depth determining insulating 
layer is less than about 45°, the distance from a front edge 
of the Gd determining insulating layer to the contacting 
face between the gap layer and the Gd determining insulating 
layer is larger, and hence, an error on the distance 
mentioned above is also larger. As a result, variation in 
the gap depth is greater among products. 

In addition, when the angle formed by the upper surface 
of the lower core layer and the virtual plane including the 
top edge and the bottom edge of the contacting face between 
the lower magnetic layer and the gap depth determining 
insulating layer is more than about 90°, recesses may be 
generated in the upper magnetic layer, and hence, flow of 
magnetic flux in the upper magnetic layer is restricted, and 
recording characteristics of the magnetic head may be 
degraded . 



-li- 
lt is more preferable that the angle formed by the 
upper surface of the lower core layer and the virtual plane 
including the top edge and the bottom edge of the contacting 
face between the lower magnetic layer and the gap depth 
determining insulating layer is not more than about 80°, 
since the problem described below can be prevented. The 
problem mentioned above is caused by a resist penetrating 
into the lower magnetic layer and the gap layer, and as a 
result, the track width of the magnetic head not being 
controllable, as described later in a manufacturing method 
for the thin-film magnetic head of the present invention. 

In the thin-film magnetic head of the present invention, 
when the front edge face of the Gd determining insulating 
layer at the opposing face side has a vertical face being 
approximately vertical from the lower core layer, and the 
back ends in the height direction of the gap layer and the 
interface between the gap layer and the upper magnetic layer 
are formed at the vertical face mentioned above, the gap 
depth can be accurately determined. 

In addition, the Gd determining insulating layer may be 
formed of an organic material. In particular, when the Gd 
determining insulating layer is formed of an ultraviolet 
photocurable resin, it is preferable since the front edge 
face of the Gd determining insulating layer can be easily 
formed in a predetermined shape. 
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Furthermore, when the Gd determining insulating layer 
is formed of an inorganic material, the Gd determining 
insulating layer is precisely formed, and hence, variations 
in dimensions of the gap depth and thickness of the gap 
depth layer may be suppressed. 

As a material for forming the Gd determining insulating 
layer, Si02, AI2O3, or the like may be used- 

In addition, the gap layer is preferably formed of a 
nonmagnetic metal material by plating. 

When the gap layer is formed of a nonmagnetic metal 
material by plating, as described later in a manufacturing 
method, the lower magnetic layer, the gap layer, and the 
upper magnetic layer can be sequentially formed by plating . 

As the nonmagnetic metal material for forming the gap 
layer, at least one selected from the group consisting of 
NiP, NiPd, NiW, NiMo, NiRh, Au, Ft, Rh, Pd, Ru, and Cr may 
be used. 

When the nonmagnetic metal material is NiP, it is 
preferable that the P content in the NiP measured by 
inductively coupled plasma emission spectrometry be in the 
range of about 11 to 14 mass percent. It is more preferable 
that the P content in the NiP measured by inductively 
coupled plasma emission spectrometry be in the range of 
about 12.5 to 14 mass percent, since the NiP remains in a 
nonmagnetic state therein even when subjected to heating at 
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about 200°C or more - 

Accordingly, in the present invention, leakage flux can 
be reliably generated in the vicinity of the gap layer. 

In addition, an insulating layer may be formed in the 
posterior region of the Gd determining insulating layer in 
the height direction so as to be in contact therewith, and 
when the interface between the upper magnetic layer and the 
upper core layer is set to be a reference plane, the upper 
surface of the insulating layer may also be formed so as to 
be at the same level as the reference plane. Accordingly, 
when a coil layer inducing a recording magnetic field in the 
upper core layer and the lower core layer is formed on the 
insulating layer, the coil layer can be formed on the 
reliably planarized surface of the insulating layer, so that 
a coil layer having superior pattern accuracy can be formed. 

The insulating layer described above is preferably 
formed so as to cover the Gd determining insulating layer 
and to be in contact with the upper magnetic layer at the 
back end thereof in the height direction. 

The insulating layer is preferably an inorganic 
insulating layer comprising an inorganic material . 

A back gap layer composed of a magnetic metal material 
and/or a nonmagnetic metal material may be formed in the 
insulating layer in a posterior region of the Gd determining 
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insulating layer in the height direction so as to be in 
contact with the lower core layer. It is preferable that 
the upper surface of the back gap layer be at the same level 
as the reference plane and the upper surface of the 
insulating layer, and a base portion of the upper core layer 
be magnetically coupled with the back gap layer, since the 
lower core layer and the upper core layer can be easily 
magnetically coupled with each other as described later in a 
manufacturing method . 

In addition, it is preferable that back gap layers 
composed of a magnetic metal material and/or a nonmagnetic 
metal material be formed on lead electrode layers formed 
under the insulating layer, in which the upper surfaces of 
the back gap layers are at the same level as the reference 
plane and the upper surface of the insulating layer, and 
that terminals of the coil layer be electrically connected 
with the back gap layers, since the coil layer and the lead 
electrode layers can be easily connected with each other as 
described later in a manufacturing method. 

When the back gap layer is formed of a multiple-layer 
film having the same laminated structure as that formed of 
the lower magnetic layer, the gap layer, and the upper 
magnetic layer, the back gap layers can be simultaneously 
formed with the lower magnetic layer, the gap layer, and the 
upper magnetic layer as described later in a manufacturing 
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method, so that the manufacturing process can be simplified. 

However, when the back gap layer is a single layer film 
composed of the same material as that for the lower core 
layer or the upper magnetic layer, the magnetic and electric 
characteristics thereof are superior to those of the back 
gap layer comprising the same material as that for the gap 
layer . 

In addition, in order to improve magnetic and electric 
characteristics, the back gap layer may be a single layer 
film or a multiple-layer film, composed of a magnetic metal 
material differing from a material for the lower core layer 
or a material for the upper core layer. 

A method for manufacturing a thin-film magnetic head of 
the present invention comprises a step (a) of forming the Gd 
determining insulating layer on the lower core layer at a 
predetermined distance extending from the opposing face 
opposing a recording medium in the height direction so as to 
have a curved or an inclined front edge face (hereinafter, a 
"curved face" and an "inclining face" collectively called a 
"sloping face") at the opposing face side, in which the 
front edge face gradually departs from the opposing face in 
the height direction from the bottom to the top of the 
sloping front edge face, a step (b) of forming the gap layer 
on the lower core layer continuously from the opposing face 
to the front edge face of the Gd determining insulating 
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layer with or without the lower magnetic layer formed under 
the gap layer, a step (c) of forming the upper magnetic 
layer for determining the track width continuously on the 
gap layer to the sloping front edge face of Gd determining 
insulating layer, in which the width of the upper magnetic 
layer is restricted to be smaller than that of the lower 
core layer, and a step (d) of forming the upper core layer 
on the upper magnetic layer. 

As described above, in the present invention, the Gd 
determining insulating layer determining the gap depth is 
first formed at a predetermined distance extending from the 
opposing face (the ABS surface) in the height direction, the 
back end of the gap layer in the height direction is 
subsequently formed so as to be in contact with the sloping 
front edge face of the Gd determining insulating layer. 

In addition, the upper magnetic layer is formed not 
only on the gap layer but is also formed on the sloping 
front edge face of the Gd determining insulating layer by 
extending the back side of the upper magnetic layer thereto. 

That is, the area of the interface between the upper 
core layer and the upper magnetic layer can be increased, 
and the volume of the upper magnetic layer can also be 
increased. Accordingly, since restriction of the magnetic 
flux flowing through the upper core layer at the interface 
can be suppressed, and the magnetic flux easily flows in the 
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upper magnetic layer, a thin-film magnetic head capable of 
preventing saturation of the magnetic flux before reaching 
the gap layer can be manufactured. 

That is, in the present invention, a thin-film magnetic 
head can be manufactured in which leakage flux can be 
reliably generated from the gap layer, and even when 
recording frequency is increased, accurate recording can be 
performed . 

In the present invention, the back end of the upper 
magnetic layer extends deeper in the height direction than 
that of the conventional upper magnetic layer. However, the 
back end of the gap layer is determined by the front edge 
face of the Gd determining insulating layer, so that the 
area of the gap layer can be maintained to be small . 
Consequently, leakage flux from the gap layer cannot be 
reduced . 

In the step (a) , in order to form the sloping front 
edge face of the Gd determining insulating layer in which 
the front edge face gradually departs from the opposing face 
in the height direction from the bottom at the core layer to 
the top of the front edge face, it is preferable to use a 
method comprising the steps of preparing an ultraviolet 
photocurable resin as a resist for forming the Gd 
determining insulating layer, forming a resist layer on the 
lower core layer, heating the resist layer so as to form the 



sloping front edge face of the gap depth determining 
insulating layer, and exposing the resist layer to 
ultraviolet light so as to cure the gap depth determining 
insulating layer. 

Alternatively, it is more preferable to use a method 
comprising the steps of forming an inorganic material layer 
or an organic material layer to be formed as the gap depth 
determining insulating layer on the lower core layer, 
forming a resist layer on the inorganic material layer or 
the organic material layer, heating the resist layer so as 
to form a sloping face thereon equivalent to the sloping 
face formed on the gap depth determining insulating layer, 
and etching the inorganic material layer or the organic 
material layer using the resist layer as a mask so as to 
form the gap depth determining insulating layer. As a 
material for the organic material layer, epoxy resins, 
novolac resins, and the like may be used, and as a material 
for the inorganic material layer, Si02, Al203^ and the like 
may be used. 

It is preferable that the sloping face of the gap depth 
determining insulating layer be formed in the step (a) so 
that the angle formed by the upper surface of the lower core 
layer and the virtual plane including the top edge and the 
bottom edge of the contacting face between the gap layer 
formed in the step (b) and the gap depth determining 



insulating layer is in the range of about 45 to 90°. 

In particular, it is more preferable that the sloping 
face of the gap depth determining insulating layer be formed 
in the step (a) so that the angle formed by the upper 
surface of the lower core layer and the virtual plane 
including the top edge and the bottom edge of the contacting 
face between the gap layer formed in the step (b) and the 
gap depth determining insulating layer is not more than 
about 80°. 

In addition, it is preferable that the sloping face of 
the gap depth determining insulating layer be formed in the 
step (a) so that the angle formed by the upper surface of 
the lower core layer and the virtual plane including the top 
edge and the bottom edge of the contacting face between the 
lower magnetic layer formed in the step (b) and the gap 
depth determining insulating layer is in the range of about 
45 to 90°. 

In particular, it is more preferable that the sloping 
face of the gap depth determining insulating layer be formed 
in the step (a) so that the angle formed by the upper 
surface of the lower core layer and the virtual plane 
including the top edge and the bottom edge of the contacting 
face between the lower magnetic layer formed in the step (b) 
and the gap depth determining insulating layer is not more 
than 80°. 
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In addition, it is preferable to perform steps (e) , (f), 
and (g) described below after the step (c) , since the coil 
layer having superior pattern accuracy for inducing a 
recording magnetic field in the upper core layer and the 
lower core layer can be formed on the planarized surface of 
the insulating layer. 

The steps mentioned above are: the step (e) of forming 
the insulating layer on the lower core layer in a posterior 
region of the gap depth determining insulating layer in the 
height direction, and planarizing the upper surface of the 
insulating layer so as to be at the same level as that of 
the upper magnetic layer, the step (f) of forming the coil 
layer on the planarized insulating layer, and the step (g) 
of forming the upper core layer on the upper magnetic layer. 

In the step (e) of the present invention, the 
insulating layer is formed on the lower core layer in the 
posterior region of the gap depth determining insulating 
layer in the height direction, and the upper surface of the 
insulating layer is planarized so as to be at the same level 
as that of the upper magnetic layer, whereby the coil layer 
can be formed on the planarized insulating layer. 

In addition, it is preferable to form the back gap 
layer, at least prior to the step (e) , composed of a 
magnetic metal material and/or a nonmagnetic material on the 
lower core layer in a posterior region of the Gd determining 
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insulating layer in the height direction, to expose the 
upper surface of the back gap layer in the step (e) , and to 
magnetically couple the base portion of the upper core layer 
with the back gap layer in the step (g) . 

In the case in which the back gap layer is formed on 
the lower core layer, and the upper surface of the back gap 
^ layer is exposed in the step (e) in which the upper surface 

^ of the insulating layer is polished so as to be at the same 

Ly level as that of the upper magnetic layer, a step can be 

H omitted, which step is to form an opening to expose the 

SI 

yl lower core layer in the insulating layer covering the lower 

O core layer in order to magnetically couple the lower core 

Q layer with the upper core layer. 

In addition, it is preferable to form the back gap 

~ layers, at least prior to the step (e) , composed of a 

magnetic metal material and/or. a nonmagnetic material to be 
electrically connected with the lead electrode layers, to 
expose the upper surfaces of the back gap layers in the step 
(e) , and to electrically connect the terminals of the coil 
layer with the back gap layers in the step (f ) . 

In the case in which the back gap layers are formed on 
the lower core layer, and the upper surfaces of the back gap 
layers are exposed in the step (e) in which the upper 
surface of the insulating layer is polished so as to be at 
the same level as that of the upper magnetic layer, a step 



can be omitted, which step is to form openings to expose the 
lead electrode layers in the insulating layer covering the 
lower core layer in order to electrically interconnect the 
coil layer and the lead electrode layers. 

When the gap layer is formed on the lower core layer 
with or without the lower magnetic layer disposed under the 
gap layer in the step (b) , and the upper magnetic layer is 
formed on the gap layer and the gap depth determining 
insulating layer in the step (c) , the back gap layer to be 
connected with the upper core layer and/or the coil layer 
may be simultaneously formed, whereby an additional step for 
forming the back gap layer can be omitted. 

However, when the back gap layer is formed of a single 
layer film composed of the same material as that for the 
lower core layer or the upper core layer, the magnetic and 
the electric characteristics thereof are superior to those 
comprising the same material as that for the gap layer . 

In addition, in order to further improve magnetic and 
electric characteristics, the back gap layer may be formed 
of a single layer film or a multiple-layer film composed of 
a magnetic metal material differing from that for the lower 
core layer or the upper core layer. 

Furthermore, it is preferable that the gap layer formed 
in the step (b) be sequentially formed by plating with the 
upper magnetic layer formed in the step (c) and/or the lower 
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magnetic layer formed in the step (b) . 

In order to sequentially form the gap layer with the 
upper magnetic layer and/or the lower magnetic layer by 
plating, the gap layer must be formed of a nonmagnetic metal 
material by plating. 

As a nonmagnetic metal material which can be applied by 
plating, at least one selected from the group consisting of 
NiP, NiPd, NiW, NiMo, NiRh, Au, Pt, Rh, Pd, Ru, and Cr may 
be used. 

When the nonmagnetic metal material forming the gap 
layer by plating is NiP, the P content in the NiP measured 
by inductively coupled plasma emission spectrometry is 
preferably in the range of about 11 to 14 mass percent. In 
particular, it is more preferable that the P content in the 
NiP measured by inductively coupled plasma emission 
spectrometry be in the range of about 12.5 to 14 mass 
percent . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial front view showing the structure of 
a thin-film magnetic head according to a first embodiment of 
the present inventions- 
Fig. 2 is a partial cross-sectional view of the thin- 
film magnetic head taken along the line 2-2 in the Fig. 2; 
Fig. 3 is a partial cross-sectional view of the thin- 



film magnetic head in the vicinity of an ABS surface in the 
Fig. 2; 

Fig. 4 is a partial cross-sectional view of a thin-film 
magnetic head in the vicinity of an ABS surface according to 
a second embodiment of the present invention; 

Fig. 5 is a partial cross-sectional view of a thin-film 
magnetic head in the vicinity of an ABS surface according to 
a third embodiment of the present inventions- 
Fig. 6 is a partial cross-sectional view of a thin-film 
magnetic head in the vicinity of an ABS surface according to 
a seventh embodiment of the present invention; 

Fig. 7 is an enlarged view of the thin-film magnetic 
head in the vicinity of the ABS surface in Fig. 3; 

Fig. 8 is a partial cross-sectional view of a thin-film 
magnetic head in the vicinity of an ABS surface according to 
a fourth embodiment of the present invention; 

Fig. 9 is a longitudinal cross-sectional view of a 
thin-film magnetic head according to a fifth embodiment of 
the present invention; 

Fig. 10 is a longitudinal cross-sectional view of a 
thin-film magnetic head according to a sixth embodiment of 
the present invention; 

Fig. 11 is a view showing a manufacturing step for the 
thin-film magnetic head in Fig. 2 of the present invention; 

Fig. 12 is a view showing a manufacturing step 
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following 


the step shown in Fig. 


11; 




Fig . 


13 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


12; 




Fig - 


14 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


13; 




Fig . 


15 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


14; 




Fig . 


16 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


15; 




Fig . 


17 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


16; 




Fig . 


18 is a view showing a 


manufacturing 


step 


following 


the step shown in Fig. 


17; 




Fig . 


19 is a partial front view of the thin-film 



magnetic head in the manufacturing step shown in Fig. 13; 

Fig. 20 is a view showing a manufacturing step for the 
thin-film magnetic head shown in Fig. 9; 

Fig. 21 is a view showing a manufacturing step 
following the step shown in Fig. 20; 

Fig. 22 is a view showing a manufacturing step for a 
thin-film magnetic head according to another embodiment of 
the present invention; 

Fig. 23 is a view showing a manufacturing step 
following the step shown in Fig. 22; 

Fig. 24 is a view showing a manufacturing step 
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following 


the step shown in Fig. 23; 




Fig . 


25 is a view showing a manufacturing step 




following 


the step shown in Fig, 24; 




Fig . 


26 is a view showing a manufacturing step 




following 


the step shown in Fig. 25; 




Fig . 


27 is a view showing a manufacturing step for a 




thin-film 


magnetic head of the present invention; 




Fig . 


28 is a view showing a manufacturing step 




following 


the step shown in Fig. 27; 


r| 1 


Fig . 


29 is a view showing a manufacturing step 


%J 


following 


the step shown in Fig. 28; 




Fig - 


30 is a graph showing the relationship between the 




P content 


in NiP and the saturated magnetic flux density; 




Fig . 


31 is a partial front view showing the structure 



of a conventional thin-film magnetic head according to the 
prior art; and 

Fig. 32 is a partial cross-sectional view of the thin- 
film magnetic head taken along the line 32-32 in Fig. 31. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a partial front view showing the structure of 
a thin-film magnetic head according to a first embodiment of 
the present invention. Fig. 2 is a partial cross-sectional 
view of the thin-film magnetic head taken along the line 2-2 
in Fig. 1 and observed from the direction indicated by the 
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arrows shown therein. 

The thin-film magnetic head shown in Fig. 1 is an 
inductive head for recording, and a read head (an MR head) 
exploiting magnetoresistance may be provided under the 
inductive head of the present invention. 

Reference numeral 10 shown in Figs. 1 and 2 indicates a 
lower core layer composed of a magnetic material, such as a 
permalloy. In this connection, when a read head is provided 

hj under the lower core layer 10, a shield layer protecting a 

fU 

^ magnetoresistive element from noise may be provided in 

addition to the lower core layer 10, or instead of providing 
the shield layer mentioned above, the lower core layer 10 

^ may be used as an upper shield layer in the read head. 

As shown in Fig. 1, the upper surfaces of the lower 

Q core layer 10 extending from the base edges of a lower 

magnetic layer 11 described later are planar surfaces 10a 
and 10a indicated by the solid lines in the figure. However, 
as shown in Fig. 1, the upper surfaces of the lower core 
layer may be inclining surfaces 10b and 10 b indicated by 
the dotted lines inclining to directions so as to depart 
from the upper core layer 15. When the inclining surfaces 
10b and 10b are formed as the upper surfaces of the lower 
core layer 10, write fringing can be further effectively 
prevented . 

As shown in Fig. 1, a plating underlayer 11a composed 
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of a magnetic metal material is formed on the lower core 
layer 10, and the lower magnetic layer 11^ a gap layer 12, 
and an upper magnetic layer 13 are sequentially formed. 

As shown in Figs. 1 and 2, the lower magnetic layer 11 
is formed by plating on the lower core layer 10 with the 
plating underlayer 11a provided therebetween. The lower 
magnetic layer 11 is magnetically coupled with the lower 
core layer 10, and the lower magnetic layer 11 may be formed 
of a material used for the lower core layer 10 or may be 
formed of a material differing therefrom. In addition, the 
lower magnetic layer 11 may be composed of a single layer 
film or a multiple-layer film. 

In addition, as shown in Figs. 1 and 2, the nonmagnetic 
gap layer 12 is formed on the lower magnetic layer 11. 

In the present invention, the gap layer 12 is 
preferably composed of a nonmagnetic metal material, and is 
preferably formed on the lower magnetic layer 11 by plating. 
In the present invention, as the nonmagnetic metal material 
mentioned above, at least one selected from the group 
consisting of NiP, NiPd, NiW, NiMo, NiRh, Au, Ft, Rh, Pd, Ru, 
and Cr is preferably used, and the gap layer 12 may be 
composed of a single layer film or a multiple-layer film. 

When the nonmagnetic metal material forming the gap 
layer 12 is NiP, the P content in the NiP measured by 
inductively coupled plasma emission spectrometry is 



preferably 11 to 14 mass percent in order that the gap layer 
12 be a nonmagnetic layer. In this connection, it is more 
preferable that the P content in the NiP measured by 
inductively coupled plasma emission spectrometry be in the 
range of about 12.5 to 14 mass percent, since the NiP 
remains in a nonmagnetic state even when subjected to 
heating at 200°C or more. 

Next, the upper magnetic layer 12 described later 
magnetically coupled with the upper core layer 15 is formed 
on the gap layer 12 by plating. In this connection, the 
upper magnetic layer 13 may be formed of a material used for 
the upper core layer 15 or may be formed of a material 
differing therefrom. 

When the gap layer 12 is composed a nonmagnetic 
material as described above, the lower magnetic layer 11, 
the gap layer 12, and the upper magnetic layer 13 can be 
sequentially formed by plating. 

In the present invention, the gap layer 12 may be 
formed directly on the lower core layer 10 without the lower 
magnetic layer provided therebetween that is in contact with 
the lower core layer 10. However, in order to efficiently 
suppress write fringing, the lower magnetic layer 11 at 
least about 0.3 |am thick is preferably formed on the upper 
surface of the lower core layer 10. 

As described above, the lower magnetic layer 11 and the 



- 30 - 



upper magnetic layer 13 may be formed of materials used for 
the associated core layers magnetically coupled therewith or 
may be formed of materials differing therefrom. However, in 
order to increase recording density, the lower magnetic 
layer 11 and the upper magnetic layer 13 opposing the gap 
layer 12 each preferably have a higher saturated magnetic 
p flux density than that of the associated core layer 

m magnetically coupled with the magnetic layer. Since the 

Ld 

ffi lower magnetic layer 11 and the upper magnetic layer 13 have 

rt higher saturated magnetic flux densities, a recording 

magnetic field can be localized in the vicinity of the gap 
layer, so that the recording density can be improved . 
D The upper magnetic layer shown in Figs. 1 and 2 is a 

O two-layer film composed of a first upper magnetic layer 13a 

and a second magnetic layer 13b. The first upper magnetic 
layer 13a is composed of a magnetic material having a higher 
saturated magnetic flux density than that of the second 
magnetic layer 13b. As described above, when the upper 
magnetic layer 13 is composed of multiple films so that a 
film closer to the gap layer has a higher saturated magnetic 
flux density, the magnetic flux flowing from the upper core 
layer 15 is readily localized in the vicinity of the gap 
Alt ^ layer, and as a result, the recording density^ ^ah be 
improved . 

However, the upper magnetic layer 13 may be composed of 



a single layer film. In addition, the upper magnetic layer 
13 may be composed of three films or more. 

In the thin-film magnetic head shown in Figs. 1 and 2, 
the width of the upper magnetic layer 13 is formed so as to 
be smaller than that of the lower core layer 10, and the 
track width Tw is determined by the width of the upper 
magnetic layer 13. 

The track width Tw is preferably formed to be not more 
than about 0.7 |j,m, and more preferably, not more than about 
0.4 \im. A method for adjusting the track width Tw will be 
described later in detail, but the dimension of the width 
adjusted by the method mentioned above is not more than the 
limiting value of resolution when a resist is exposed and 
developed . 

As shown in Fig. 1, the total thickness of the lower 
magnetic layer 11, the gap layer 12, and the upper magnetic 
layer 13 is formed to be H2 . The individual layers are, for 
example, the lower magnetic layer 11 is about 0.4 thick, 
the gap layer 12 is about 0.2 \xm thick, and the upper 
magnetic layer 13 is about 2 fxm thick. 

As shown in Fig. 2, a Gd determining insulating layer 
16 composed of an insulating material such as a resist is 
formed in posterior regions of the lower magnetic layer 11, 
the gap layer 12, and the upper magnetic layer 13. 
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Fig. 3 is a partial enlarged cross-sectional view of 
the thin-film magnetic head shown in Fig. 2 in the vicinity 
of the ABS surface. 

A front edge face of the Gd determining insulating 
layer 16 at an opposing face (ABS surface) opposing a 
recording medium side has a curved surface which gradually 
departs from the ABS surface in a height direction from the 
bottom to the top of the curved surface (the Z direction in 
the figure) . A depth (gap depth) of an interface between 
the gap layer 12 and the upper magnetic layer 13 in a height 
direction is determined by the front edge face of the Gd 
determining insulating layer 16 so as to be Ll. 

As shown in Fig. 3, a contacting face between the upper 
magnetic layer 13 and the Gd determining insulating layer 16 
is formed so as to be gradually deeper than the gap depth in 
the height direction from the bottom to the top of the 
contacting face (the Z direction in the figure) . 

That is, the distance of the front edge face of the Gd 
determining insulating layer 16 from the ABS surface is 
greater when it is closer to the upper core layer 15 (the Z 
direction in the figure) . 

The upper magnetic layer 13 extends in the height 
direction (the Y direction in the figure) and the back end 
thereof is in contact with the curved front edge face of the 
Gd determining insulating layer 16. That is, the area of 



the interface between the upper magnetic layer 13 and the 
upper core layer 15 magnetically coupled therewith is larger 
than the product of the gap depth length and the track width 
Tw. The area described above is greater than that of the 
conventional thin-film magnetic head shown in Figs. 31 and 
32 in which the length Tl of the upper magnetic layer 5 in 
the height direction is formed approximately equal to that 
of the gap depth, and hence, the volume of the upper 
magnetic layer 13 can be increased. Consequently, 
restriction of the magnetic flux flowing through the upper 
core layer 15 at the interface can be suppressed, and the 
magnetic flux readily flows in the upper magnetic layer 13, 
whereby saturation of the magnetic flux before reaching the 
gap layer 12 can be prevented . 

That is, according to the present invention, leakage 
flux can be reliably generated in the vicinity of the gap 
layer 12, and even when recording frequency is increased, 
accurate recording can be performed. 

In addition, in order to increase leakage flux in the 
vicinity of the gap layer 12 , the area of the gap layer 12 
is preferably as small as possible . In the embodiment of 
the present invention, the length Ll of the upper surface 
(the interface with the upper magnetic layer) of the gap 
layer 12 from the front edge face of the Gd determining 
insulating layer 16 to the opposing face (the ABS surface) 
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is set to be LI, and hence, the area of the gap layer 12 is 
not too great. 

That is, in the present invention, as shown in Fig. 3, 
the length of the upper magnetic layer 13 can be formed so 
as to be longer than those of the gap layer 12 and the lower 
magnetic layer 11, and as a result, the volume of the upper 
magnetic layer 13 can be increased without increasing the 
area of the gap layer 12. 

Next, as shown in Fig. 2, in a posterior region of the 
Gd determining insulating layer 16 in the height direction, 
an underlayer insulating layer 14 is formed on the lower 
core layer 10 so as to cover the Gd determining insulating 
layer 16 and to be in contact with the back end of the upper 
magnetic layer 13. When an interface between the upper 
magnetic layer 13 and the upper core layer 15 is set to be a 
reference plane A, the upper surface of the underlayer 
insulating layer 14 is flush with the reference surface A. 
The underlayer insulating layer 14 is an inorganic 
insulating layer composed of an inorganic material, and the 
inorganic material is preferably at least one selected from 
the group consisting of AI2O3, Si02/ Ta205, and AIN. 

As shown in Fig. 2, a coil layer 17 composed of copper 
or the like is formed in a spiral shape having a center 17a 
thereof so as to induce a recording magnetic field in the 
upper core layer 15 and the lower core layer 10 on the lower 



insulating layer 14 . 

A coil insulating layer 18 composed of an organic 
material, such as a resist, a polyimide resin, or the like 
is formed on the coil layer 17, and the upper core layer 15 
composed of a magnetic material such as a permalloy is 
formed by flame plating or the like on the coil insulating 
layer 18 . 

The front portion 15a of the upper core layer 15 is 
formed so as to be in contact with the upper magnetic layer 
13, and a base portion 15b of the upper core layer 15 is 
magnetically coupled with a back gap layer 19 composed of a 
magnetic material formed on the lower core layer 10. The 
upper surface of the back gap layer 19 is, formed so as to be 
flush with the reference face A in the same manner as is the 
lower insulating layer 14 . In the thin-film magnetic head 
shown in Fig. 2, the back gap layer is formed of the same 
material as that for the lower core layer 10 or the upper 
core layer 15. In addition, the back gap layer 19 may be a 
single layer film or a multiple-layer film composed of a 
material differing from that for the lower core layer 10 or 
the upper core layer 15. 

In this connection, the back gap layer 19 may not be 
formed, and in this case, the base portion 15b of the upper 
core layer 15 extends to the lower core layer 10 so as to be 
directly and magnetically coupled with the lower core layer. 
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In addition, as shown in Fig. 1, the width T3 of the front 
portion 15a of the upper core layer 15 is formed so as to be 
greater than the track width Tw. 

The center 17a and a terminal 17c of the coil layer 17 
are electrically connected with back gap layers 22 and 23 
composed of the same material as that for the back gap layer 
19. The upper surfaces of the back gap layers 22 and 23 are 
flush with the reference face A in the same manner as is the 
underlayer insulating layer 14 . 

In the thin-film magnetic head shown in Fig. 2, the 
back gap layers 22 and 23 are composed of the same material 
as that for the lower core layer 10 or the upper core layer 
15. In addition, the back gap layers 22 and 23 may be a 
single layer film or a multiple-layer film composed of a 
magnetic metal material differing from that for the lower 
core layer 10 or the upper core layer 15. 

Furthermore, the back gap layers 22 and 23 may not be 
composed of a magnetic material. For example, the back gap 
layers 22 and 23 may be composed of a material having 
superior electrical conductivity such as copper which is 
used for the coil layer 17 . 

The back gap layers 22 and 23 are electrically 
connected with lead electrode layers 24 and 25, respectively, 
with plating under layers 11a provided therebetween. In Fig. 
2, the lead electrode layers 24 and 25 are simultaneously 
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formed with the lower core layer 10 and are composed of the 
same material as that for the lower core layer 10. However, 
the lead electrode layers 24 and 25 may not be formed of the 
same material as that for the lower core layer 10- 

The back gap layers 22 and 23 may not be formed. In 
this case, the center 17a and the terminal 17c of the coil 
layer 17 extend to the lead electrode layers 24 and 25 so as 
to be directly connected therewith, respectively. 

In the present invention, as shown in Fig. 2, the coil 
layer 17 is preferably composed of an electrically 
conductive material layer 20 composed of copper or the like 
and a conductive protecting layer 21 composed of nickel or 
the like disposed thereon. 

When the conductive material layer 20 is composed of 
copper, the coil resistance can be reduced, and the 
allowable current can be increased. In this connection, the 
conductive material layer may be formed of a single layer 
film or a multiple-layer film composed of at least one of 
copper and gold. 

The conductive protecting layer 21 may be a conductive 
layer having superior antioxidation characteristics composed 
of a single layer film or a multiple-layer film comprising 
at least one element selected from the group consisting of 
Ni, P, Pd, Pt, B, Au, and W. 

As shown in Fig. 2, the coil insulating layer 18 is 
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formed over the coil layer 17, and prior to the formation of 
the coil insulating layer 18, the upper surface 17b of the 
coil layer 17 may be exposed to the air in some cases. In 
this case, when the coil layer 17 is formed of a single 
conductive material layer composed of copper or the like, 
the surface thereof is oxidized, and for example, cohesion 
between the coil layer 17 and the coil insulating layer 18 
may be degraded, so that film separation therebetween may 
occur . 

In addition, the formation of the oxide layer would 
cause instability in coil resistance values of the inductive 
head, and as a result, recording characteristics thereof may 
be degraded. 

Accordingly, in the present invention, the conductive 
protecting layer 21 composed of nickel or the like for 
protecting the conductive material layer 20 composed of 
copper or the like from oxidation is formed thereon, so that 
oxidation of the conductive material layer 20 can be 
adequately prevented when the coil insulating- layer 18 is 
formed - 

In this connection, the thickness of the conductive 
protecting layer 21 is preferably about 0,5 |am. When the 
conductive protecting layer 21 formed of nickel or the like 
is exposed to the air, the conductive protecting layer 21 
may also be oxidized- However, when the conductive 
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protecting layer 21 is composed of nickel or the like, the 
oxide layer formed thereon is about 3.0 nm. Accordingly, 
when in the range of about 200 to 600 nm-thick of conductive 
protecting layer 21 is formed, even though the oxide layer 
thereon is removed by ion milling or the like, the 
conductive material layer 20 is not adversely affected by 
the ion milling, whereby change in the cross-sectional area 
of the conductive material layer 20 can be prevented, 

In addition, the conductive material layer 20 and the 
conductive protecting layer 21 are preferably sequentially 
formed by plating. In the present invention, instead of the 
conductive protecting layer 21, a protecting layer composed 
of a non-conductive material such as Si02 may be formed. In 
addition, the protecting layer mentioned above may be formed 
by sputtering or the like. 

In Fig. 3, as described above, the front edge face of 
the Gd determining insulating layer 16 has a curved surface 
which gradually departs from the ABS surface in the height 
direction from the bottom to the top of the front edge face 
(the upward direction) , and the back end of the upper 
magnetic layer 13 is formed on the curved surface. However, 
the Gd determining insulating layer 16 may be formed in a 
different shape from that described above. 

Fig. 4 is a partially enlarged cross-sectional view of 
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a thin-film magnetic head in the vicinity of an ABS surface 
according to a second embodiment of the present invention, 
which thin-film magnetic head is equivalent to the 
embodiment described above except for the shape of the Gd 
determining insulating layer. 

In Fig. 4, the total length L3 of a Gd determining 
insulating layer 26 in a height direction (the Y direction) 
is formed so as to be shorter than the total length L2 of 
the Gd determining insulating layer 15 in the height 
direction (the Y direction) . When the total length L3 of 
the Gd determining insulating layer 26 in the height 
direction (the Y direction) is formed shorter, an 
approximately vertical face 26a thereof to a lower core 
layer 10 is formed at an ABS surface side. In addition, a 
gap layer 12 and an interface thereof with an upper magnetic 
layer 12 are formed from the ABS surface to the vertical 
face 26a described above. The distance from the ABS surface 
to the vertical face 26a is set to be LI equal to the gap 
depth length. When the vertical face 26a is formed as the 
front edge face of the Gd determining insulating layer 26, 
and the position of the back end of the interface between 
the gap layer 12 and the upper magnetic layer 13 is 
determined by the vertical face 26a, the gap depth can be 
precisely set to be the length LI. 

The Gd determining insulating layer 26 has a curved 
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face or an inclining face formed so as to gradually approach 
an upper core layer 15 from the top edge of the vertical 
face 26a to the top of the face in the height direction (the 
Z direction) , and the back end of the upper magnetic layer 
13 is formed on the curved face or the inclining face 
(hereinafter, the "curved face" and the "inclining face" 
collectively called the "sloping face"). 

Accordingly, the area of the interface between the 
upper magnetic layer 13 and the upper core layer 15 can be 
increased, so that the leakage flux can be localized in the 
vicinity of the gap layer. 

Fig. 5 is a partially enlarged cross-sectional view of 
a thin-film magnetic head in the vicinity of an ABS surface 
according to a third embodiment of the present invention. 
As can be seen in a Gd determining insulating layer 27 shown 
in Fig. 5, the upper part thereof is a flat face 27a, and 
the back end of an upper magnetic layer 13 may be disposed 
on the flat face 27a. In Fig. 5, the front edge face of the 
Gd determining insulating layer 27 is a vertical face 27b, 
and the back end in the height direction of an interface 
between a gap layer 12 and the upper magnetic layer 13 is 
determined by the vertical face 27b so that the length of a 
gap depth is set to be LI. 

As described above, even when the shape of the Gd 
determining insulating layer is formed as that of the Gd 



determining insulating layer 27, the length of the upper 
magnetic layer 13 can be formed to be longer than those of 
the gap layer 12 and a lower magnetic layer 11, and the 
volume of the upper magnetic layer 13 can be increased 
without increasing the area of the gap layer 12 . 

In Figs- 1 to 5, the upper magnetic layer 13 is 
composed of two films, i.e., a first upper magnetic layer 
13a and a second upper magnetic layer 13b, in which the 
saturated magnetic flux density thereof are different from 
each other. However, the upper magnetic layer 13 may be 
formed of a single layer film composed of a single magnetic 
material as shown in Fig. 6, which shows a cross-sectional 
area of a thin-film magnetic head according to a seventh 
embodiment of the present invention. 

The preferable shape of the Gd determining insulating 
layer will be described. 

Fig. 7 is a partially enlarged cross-sectional view of 
'the thin-film magnetic head shown in Fig. 3 in the vicinity 
of the ABS surface. 

In Fig. 7, an angle 91 formed by the upper surface 10a 
of the lower core layer 10 and a virtual plane SI including 
the top edge 12a and the bottom edge 12b of a contacting 
face, between the gap layer 12 and the gap depth determining 
insulating layer 16 ranges from in the range of about 45 to 
90°. In Fig. 7, to facilitate understanding of the figure. 
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the angle 01 is shown in the figure as an angle formed by 
the virtual plane SI and a plane parallel to the upper 
surface 10a of the lower core layer 10. 

When the angle 01 is about 45® or more, as in the 
embodiment, variation in the gap depth LI can be suppressed 
when the thickness of the gap layer 12 varies. In addition, 
generation of sagging of the gap layer 12 in the vicinity of 
the contacting face with the Gd determining insulating layer 
16 can be prevented. 

When the angle 01 is about 90° or less, a recess in the 
upper magnetic layer 13 suppressing the flow of magnetic 
flux is not formed, so that degradation of recording 
characteristics of the magnetic head can be prevented. 

In this connection, when the angle 01 formed by the 
upper surface 10a of the lower core layer 10 and the virtual 
plane SI including the top edge and the bottom edge of the 
contacting face between the gap layer 12 and the gap depth 
determining insulating layer 16 is about 80° or more, as 
described later in a description of a method for 
manufacturing the thin-film magnetic head of the present 
invention, resist penetrates into the lower magnetic layer 
11 and the gap layer 12, and as a result, the track width of 
the magnetic head not being controllable. Accordingly, it 
is preferable that the angle 01 be about 80° or less. 
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In addition, in Fig. 1, an angle 02 formed by the upper 
surface 10a of the lower core layer 10 and a virtual plane 
S2 including the top edge 12b and the bottom edge lib of a 
contacting face between the lower magnetic layer 11 and the 
gap depth determining insulating layer 16 ranges from in the 
range of about 45 to 90°. In Fig. 7, the bottom edge of the 
contacting face between the gap layer 12 and the Gd 
determining insulating layer 16 and the top edge of the 
contacting face between the lower magnetic layer 11 and the 
Gd determining insulating layer 16 overlap each other. In 
addition, in Fig. 1, to facilitate understanding of the 
figure, the angle 92 is shown in the figure as an angle 
formed by the virtual plane S2 and a plane parallel to the 
upper surface 10a of the lower core layer 10. 

When the angle 92 is in the range of about 45° or more, 
variation in the gap depth LI among products can be 
suppressed since the distance L3 from the front edge 16a of 
the Gd determining insulating layer 16 to the contacting 
face of the gap layer 12 with the Gd determining insulating 
layer 16 can be shortened. 

When the angle 92 is about 90° or less, a recess in the 
upper magnetic layer 13 suppressing the flow of magnetic 
flux is not formed, so that degradation of recording 
characteristics of the magnetic head can be prevented. 

In this connection, when the angle 92 is about 80° or 



more, as described later in a description of a method for 
manufacturing the thin-film magnetic head of the present 
invention, resist penetrates into the lower magnetic layer 
11 and the gap layer 12, and as a result, the track width of 
the magnetic head not being controllable. Accordingly, it 
is preferable that the angle 62 be about 80*^ or less. 

In the magnetic head shown in Fig. 7, since the front 
edge face of the Gd determining insulating layer 16 at the 
opposing face (the ABS surface) side is a curved face, the 
angle 91 formed by the upper surface 10a of the lower core 
layer 10 and the virtual plane SI including the top edge 12a 
and the bottom edge 12b of the contacting face between the 
gap layer 12 and the gap depth determining insulating layer 
15 is different from the angle 02 formed by the upper 
surface 10a of the lower core layer 10 and the virtual plane 
S2 including the top edge 12b and the bottom edge lib of the 
contacting face between the lower magnetic layer 11 and the 
gap depth determining insulating layer 16. 

Both angles 91 and 92 may be in the range of about 45 to 
90°, or one of the angles 91 and 92 may be in the range of 
about 45 to 90°. 

At least one of the angles 91 and 92 being in the range 
of about 45 to 90° is merely a preferable embodiment; however, 
the ranges of the angles 91 and 02 of the present invention 
are not so limited- 
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Fig. 8 is a partially enlarged cross-sectional view of 
a thin-film magnetic head in the vicinity of an ABS surface 
according to a fourth embodiment of the present invention. 

In the magnetic head shown in Fig. 8, since a front 
edge face of a Gd determining insulating layer 61 at an 
opposing face (the ABS surface) side is an inclining face, 
an angle 91 formed by an upper surface 10a of a lower core 
layer 10 and a virtual plane S3 including a top edge 12a and 
a bottom edge 12b of a contacting face 12c between a gap 
layer 12 and the gap depth determining insulating layer 61 
is equal to an angle 02 formed by the upper surface lOa of 
the lower core layer 10 and a virtual plane S3 including a 
top edge 12b and a bottom edge lib of a contacting face 11c 
between a lower magnetic layer 11 and the gap depth 
determining insulating layer 61. 

In Fig. 8, to facilitate understanding of the figure, 
the angles 91 and 02 are shown in the figure as angles 
formed by the virtual plane S3 and a plane parallel to the 
upper surface 10a of the lower core layer 10. 

In the embodiment, both angles 01 and 02 are in the 
range of about 45 to 90°. 

When the angle 01 is about 45° or more, variation in a 
gap depth Ll can be suppressed when the thickness L4 of the 
gap layer 12 varies. In addition, sagging formation in the 
gap layer 12 in the vicinity of the contacting face 12c with 
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the Gd determining insulating layer 61 can be prevented. 

When the angles 01 and 92 are about 90° or less, since a 
recess in an upper magnetic layer 13 suppressing flow of 
magnetic flux is not formed, degradation of recording 
characteristics of the magnetic head can be prevented. 

When the angles 01 and 02 are about 80° or more, as 
described later in a description of a method for 
manufacturing the thin-film magnetic head of the present 
invention, resist penetrates into the lower magnetic layer 
11 and the gap layer 12, and as a result, the track width of 
the magnetic head not being controllable. Accordingly, it 
is preferable that the angles 01 and 02 be about 80° or less. 

When the angle 02 is about 45° or more, a distance L5 
from a front edge of the Gd determining insulating layer 61 
to the contacting face of the gap layer with the Gd 
determining insulating layer 61 can be shortened, so that 
variation in the gap depth LI among products can be 
suppressed. 

In this connection, the Gd determining insulating 
layers 16, 26, 27, and 61 may be formed by using an 
ultraviolet photocurable resin as described later in a 
description of a manufacturing method. When the Gd 
determining insulating layers 16, 26, 27, and 61 are formed 
by an ultraviolet photocurable resin, the front edge 
surfaces thereof are easily formed in a predetermined shape.. 




Alternatively, the Gd determining insulating layers 16, 
26, 27, and 61 may be formed of an inorganic material. When 
the Gd determining insulating layers 16, 26, 27, and 61 are 
formed of an inorganic material, the Gd determining 
insulating layer can be precisely processed, and hence, 
variation in the gap depth and the thickness of the gap 
layer can be suppressed- 

As a material for forming the Gd determining insulating 
layers 16, 26, 27, and 61, for example, Si02 and AI2O3 may be 
used . 

In the thin-film magnetic head of the embodiment of the 
present invention shown in Fig. 2, the back gap layer 19 for 
magnetically coupling the upper core layer 15 and the lower 
core layer 10 is formed of the same material as is used for 
the- lower core layer 10 and the upper core layer 15. 

In addition, the back gap layers 22 and 23 for 
connecting the center 17a and the terminal 17c of the coil 
layer 17 with the lead electrode layers 24 and 25, 
respectively, are formed of the same material as is used for 
the lower core layer 10 and the upper core layer 15. 

Fig. 9 is a longitudinal cross-sectional view of a 
thin-film magnetic head according to a fifth embodiment of 
the present invention. The thin-film magnetic head in Fig. 
9 is equivalent to that shown in Fig. 2 except for back gap 
layers 28, 29, and 30. 
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The back gap layers 28, 29, and 30 in Fig. 9 are 
composed of a multi-layer film having the same structure as 
a laminate composed of a lower magnetic layer 11, a gap 
layer 12, and an upper magnetic layer 13. Accordingly, as 
described later in a description of a manufacturing method 
therefor, since the back gap layers 28, 29, and 30 can be 
simultaneously formed during the formation of the lower 
magnetic layer 11, the gap layer 12, and the upper magnetic 
layer 13, the number of manufacturing steps can be reduced. 

However, the thin-film magnetic head shown in Fig. 2 is 
superior to the thin-film magnetic head shown in Fig. 9 in 
terms of magnetic and electric characteristics, in which the 
back gap layers 19, 22, and 23 are formed of a single layer 
film composed of the same material as is used for the lower 
core layer 10 or the upper core layer 15. 

Fig. 10 is a longitudinal cross-sectional view of a 
thin-film magnetic head according to a sixth embodiment of 
the present invention. 

In the embodiment, a gap layer 41 is formed directly on 
a lower core layer 10. The gap layer 41 is composed of an 
insulating material such as AI2O3 and Si02 - A Gd. determining 
insulating layer 42 is formed on the gap layer 41 at a 
predetermined distance extending from an ABS surface. A 
front edge face of the Gd determining insulating layer 42 at 
an ABS surface side restricts the back end of an interface 



between the gap layer 41 and an upper magnetic layer 43, so 
that a gap depth is determined- In Fig. 10, the length of 
the gap depth is set to be LI. 

A plating underlayer 43a is formed on the front edge 
face of the Gd determining insulating layer 43 and on the 
gap layer 41 disposed between the Gd determining insulating 
layer 42 and the ABS surface, and the upper magnetic layer 
43 is then formed on the plating underlayer 43a by plating. 

The upper magnetic layer 43 is magnetically coupled at 
the upper surface thereof with an upper core layer 15. 

The thin-film magnetic head of the embodiment is 
equivalent to those shown in Figs. 1 to 9 except that the 
gap layer 41 and the upper magnetic layer 43 are not 
sequentially formed by plating. 

In the thin-film magnetic head in Fig. 10, the 
interface between the upper core layer 15 and the upper 
magnetic layer 43 has an area wider than that of a 
conventional one, and the volume of the upper magnetic layer 
43 is also increased. Accordingly, restriction of magnetic 
flux flowing through the upper core layer 15 at the 
interface mentioned above can be suppressed. In addition, 
since the magnetic flux easily flows in the upper magnetic 
layer 43, saturation of the magnetic flux before reaching 
the gap layer 41 can also be prevented. 

However, as shown in Fig. 10, when the plating 
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underlayer 43a is formed on the front edge face of the Gd 
determining insulating layer 43 and on the gap layer 41 
formed between the Gd determining insulating layer 42 and 
the ABS surface, and when a resist layer to be used for 
patterning the upper magnetic layer 43 is formed on the 
plating underlayer 43a and is subsequently exposed and 
developed into the shape of the upper magnetic layer 43, 
O there is a problem in that diffused reflection is likely to 

g1 occur due to the existence of the plating underlayer 43a, 

ry Accordingly, due to the diffused reflection mentioned above, 

it is difficult to form the upper magnetic layer 43 provided 
J' with an accurate pattern. Therefore, as the thin-film 

a — 5 

S magnetic heads shown in Figs. 1 to 9, it is preferable in 

f=k. 

^ terms of pattern accuracy that the plating underlayer 11a be 

y formed on the lower core layer 10, that the Gd determining 

insulating layer 16, 26, or 27 be formed on the plating 
underlayer 11a, and then, that the lower magnetic layer 11, 
the gap layer 12, and the upper magnetic layer 13 be 
sequentially formed by plating. 

Figs. 11 to 18 are cross-sectional views of the thin- 
film magnetic head shown in Fig. 2 showing sequential 
manufacturing steps therefor. 

In Fig. 11, the plating underlayer 11a composed of a 
magnetic material such as a permalloy is formed on the lower 
core layer 10, and then the Gd determining insulating layer 



16 composed of an ultraviolet photocurable resin or the like 
is formed at a predetermined position on the plating 
underlayer 11a . In addition, the lead electrode layers 24 
and 25 for the coil layer are simultaneously formed with the 
lower core layer 10. 

In order to form the Gd determining insulating layer 16, 
there are steps of, for example, forming a rectangular 
resist layer composed of an ultraviolet photocurable resin 
as shown in Fig. 11, and then post-baking (annealing) so 
that the rectangular resist layer sags, whereby the curved 
front edge face of the Gd determining insulating layer 16 is 
formed so as to gradually depart from the opposing face (the 
ABS surface) in the height direction from the bottom to the 
top of the front edge face as in the Z direction in the 
figure. After annealing, the Gd determining insulating 
layer 16 is exposed to ultraviolet light so as to be cured. 
The gap depth is determined by the length LI of the upper 
surface of the gap layer 12 formed between the front edge 
face of the Gd determining insulating layer 16 and the ABS 
surface . 

Next, as shown in Fig. 13, a resist layer 51 is formed 
on the lower core layer 10 by coating, and a groove 51a is 
formed in the resist layer 51 by exposure and development 
thereof, in which the groove 51a has a predetermined length 
extending from the ABS surface in the height direction (the 
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Y direction in the figure) and a predetermined width smaller 
than the width of the Gd determining insulating layer 16 in . 
the track width direction (the X direction in the figure) as 
shown in Fig. 19. In the groove 51a, the lower magnetic 
layer 11, the gap layer 12, and the upper magnetic layer 13 
are sequentially formed by plating. 

The thickness H3 of the resist layer 51 must be formed 
to be at least thicker than the total thickness H2 of the 
lower magnetic layer 11, the gap layer 12, and the upper 
magnetic layer 13 in the finished thin-film magnetic head 
shown in Fig . 1 . 

A nonmagnetic metal material capable of forming the gap 
layer 12 by plating is preferably at least one selected from 
the group consisting of NiP, NiPd, NiW, NiMo, NiRh, Au, Pt, 
Rh, Pd, Ru, and Cr. 

When the nonmagnetic metal material is NiP, in order 
that the gap layer be a nonmagnetic layer, it is preferable 
that the P content in the NiP measured by inductively 
coupled plasma emission spectrometry be 11 to 14 mass 
percent . 

It is more preferable that the P content in the NiP 
measured by inductively coupled plasma emission spectrometry 
be in the range of about 12.5 to 14 mass percent, since the 
NiP remains in a nonmagnetic state even when subjected to 
heating at about 200^C or more. 
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The lower magnetic layer may not be formed. In Fig. 13, 
the upper magnetic layer 13 is composed of a two-layer film 
having a first upper magnetic layer 13a and a second upper 
magnetic layer 13b. The first magnetic layer 13a is formed 
of a magnetic material having a saturated magnetic flux 
density higher than that of the second magnetic layer 13b. 
When the upper magnetic layer is composed of multiple layers 
so that a layer closer to the gap layer 12 has a higher 
magnetic flex density, as described above, the magnetic flux 
flowing from the upper core layer 15 is easily localized in 
the vicinity of the gap layer, and hence, the recording 
density can be improved. 

However, the upper magnetic layer 13 may be composed of 
a single layer film, or a multiple-layer film having at 
least three layers. 

As shown in Fig. 7, the angle 01 formed by the upper 
surface 10a of the lower core layer 10 and the virtual plane 
SI including the top edge 12a and the bottom edge 12b of the 
contacting face between the gap layer 12 and the gap depth 
determining insulating layer 16 preferably ranges from in 
the range of about 45 to 90°, and the angle 02 formed by the 
upper surface 10a of the lower core layer 10 and the virtual 
plane S2 including the top edge 12b and the bottom edge lib 
of the contacting face between the lower magnetic layer 11 
and the gap depth determining insulating layer 16 preferably 
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ranges from in the range of about 45 to 90°. 

In the present invention, in a step in Fig. 12, by 
appropriately setting post-baking (heating) conditions for 
the resist layer, the shape of the front edge face of the Gd 
determining insulating layer 16 can be adjusted, and hence, 
the angles 01 and 02 are set to be in the range of about 45 
to 90°. 

In this connection, in a step in Fig, 13, the upper 
surface 13cl of the upper magnetic layer 13 is preferably 
formed so as to be higher than an upper surface 13c2 of the 
upper magnetic layer 13 formed in the following step shown 
in Fig. 16. 

After forming the lower magnetic layer 11, the gap 
layer 12, and the upper magnetic layer 13 by plating, 
openings 51b, 51c, and 51d are formed in a posterior portion 
of the resist layer 51 in the height direction (the Y 
direction in the figure) while the upper surface of the 
upper magnetic layer 13 is protected- Subsequently, the 
back gap layers 19, 22, and 23 are formed in the openings 
51b, 51c, and 51d by plating. 

In a step shown in Fig. 14, the resist is removed, the 
lower magnetic layer 11, the gap layer 12, and the upper 
magnetic layer 13 are sequentially formed on the lower core 
layer 10 in the vicinity of the ABS surface, and the back 
•gap layers 19, 22, and 23 are formed at positions extending 
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from the ABS surface in the height direction. 

In Fig. 14, the upper surfaces 19al, 22al, and 23al of 
the associated back gap layers 19, 22, and 23, are 
preferably formed so as to be higher than upper surfaces 
19a2, 22a2, and 23a2 of the associated back gap layers 19, 
22, and 23 in the following step shown in Fig. 16. 

In the manufacturing method described above, the lower 
magnetic layer 11, the gap layer 12, and the upper magnetic 
layer 12 are formed, the openings 51b, 51c, and 51d are then 
formed in the resist layer 51, and subsequently, the back 
gap layers 19, 22, and 23 are formed by plating in the 
openings 51b, 51c, and 51d, whereby the manufacturing method 
is more complicated than that for the thin-film magnetic 
head shown in Fig. 3 described later. However, since the 
back gap layers 19, 22, and 23 may be formed of a single 
layer film composed of the same material as is used for the 
lower core layer 10 or the upper core layer 15 , the back gap 
layers 19, 22, and 23 do not have a layer composed of the 
same material as is used for the gap layer 12 in the thin- 
film magnetic head in Fig. 3, so that a thin-film magnetic 
head having superior magnetic and electric characteristics 
can be manufactured. 

The back gap layers 19, 22, and 23 may be formed of a 
single layer film or a multiple-layer film composed of a 
magnetic metal material differing from that for the lower 
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core layer 10 or the upper core layer 15. 

The two side faces (side faces in the X direction in 
the figure) of the lower magnetic layer 11, the gap layer 12, 
and the upper magnetic layer 13 shown in Fig. 14 may be 
polished by ion milling from the track width direction (the 
X direction in the figure) so that the width thereof is 
smaller. In this case, the width of the upper magnetic 
layer 13 after polishing by ion milling is set to be the 
track width Tw . The width of the upper magnetic layer 13 is 
formed to be smaller than that of the lower core layer 10. 
In this ion milling step, the upper surfaces of the core 
layer 10 extending from the base edges of the lower magnetic 
layer 11 toward the track direction (the X direction in the 
figure) are also polished, so that the inclining surfaces 
10b and 10b are formed as the upper surfaces of the lower 
core layer 10. 

Furthermore, the plating underlayer 11a connecting the 
lower core layer 10 and the lead electrode layers 24 and 25 
is removed. 

Next, in a step shown in Fig. 15, the underlayer 
insulating layer 14 composed of an insulating material is 
continuously formed by sputtering on the upper magnetic 
layer, the lower core layer 10, the back gap layers 19, 22, 
and 23, and a posterior region thereof in the height 
direction . 
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In the present invention, the underlayer insulating 
layer 14 is formed by sputtering an inorganic material. The 
inorganic material is preferably at least one selected from 
the group consisting of AI2O3, Si02/ Ta205, and AIN. 

As shown in Fig. 15, the upper surface of the 
underlayer insulating layer 14 is polished to the line B-B 
by using chemical mechanical polishing (CMP) or the like. 
Fig. 16 shows a state in which the underlayer insulating 
layer 14 is polished. 

By polishing the underlayer insulating layer 14 to the 
line B-B, as shown in Fig. 16, the upper surface 13c2 of the 
upper magnetic layer 13 is exposed, and the upper surfaces 
19a2, 22a2, and 23a2 of the back gap layers 19, 22, and 23, 
respectively, are also exposed at the same level as the 
upper surface 13c2. 

The reason the upper surfaces 19a2, 22a2, and 23a2 of 
the back gap layers 19, 22, and 23, respectively, are 
exposed at the same level as the upper surface 13c2 of the 
upper magnetic layer 13 is that the upper surfaces 19al, 
22al, and 23al of the back gap layers 19, 22, and 23, 
respectively, in Fig. 14 are formed so as to be higher than 
the upper surfaces 19a2, 22a2, and 23a2 in Fig. 16. 

Accordingly, when the polishing is complete in the step 
shown in Fig. 16, the surface of the underlayer insulating 
layer 14 and the upper surfaces 19a2, 22a2, and 23a2 of the 
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back gap layers 19, 22, and 23, respectively, can be 
positioned at the same level as the upper surface 13c2 of 
the upper magnetic layer 13. 

Next, as shown in Fig. 17, the spiral coil layer 17 
having the spiral center 17a is formed on the underlayer 
insulating layer 14. 

In the present invention, as shown in Fig. 17, the coil 
layer 17 is preferably composed of an electrically 
conductive material layer 20 and a conductive protecting 
layer 21 formed thereon. The electrical conductive material 
layer 20 is formed of a single layer film or a multiple- 
layer film comprising at least one of Cu and Au, and the 
conductive protecting layer 21 is formed of a single layer 
film or a multiple-layer film comprising at least one 
element selected from the group consisting of Ni, P, Pd, Pt, 
B, and W. 

The reason the conductive protecting layer 21 is formed 
on the electrically conductive material layer 20 is to 
protect the electrically conductive material layer 20 from 
oxidation. In this connection, the conductive protecting 
layer is oxidized at the surface thereof when exposed to the 
air, but the oxide layer formed thereon is very thin, for 
example, about 3.0 nm. Consequently, when the conductive 
protecting layer 21 is polished by ion milling or the like, 
since the thickness thereof is in the range of about 200 to 
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600 nm, the electrically conductive material layer 20 is not 
adversely affected by ion milling, so that the volume of the 
electrically conductive material layer 20 is not changed. 
Accordingly, the constant coil resistance and allowable 
current of the coil layer 17 can be maintained. 

In the present invention, the upper surface of the 
underlayer insulating layer 14 is positioned at the same 

J3 level as the upper surface 13c2 of the upper magnetic layer 

13, the planarized surface extends from the upper surface 
13c2 of the upper magnetic layer 13 toward the height 

^2 direction (the Y direction in the figure) , and the coil 

^ layer 17 can be formed on the planarized surface, whereby 

ri 

JO the coil layer 17 having superior pattern accuracy , can be 

C formed. 

3 

□ In the present invention, the center 17a and the 

terminal 17c of the coil layer 17 can be directly contacted 
electrically to the back gap layers 22 and 23, respectively. 

In the case in which the back gap layers 22 and 23 are 
not formed, and the lead electrode layers 24 and 25 are not 
exposed, openings must be formed by etching or the like in 
the underlayer insulating layer 14 covering the lead 
electrode layers 24 and 25. 

In the present invention, since the upper surfaces 22a2 
and 23a2 of the associated back gap layers 22 and 23 are 
exposed at the same level as the upper surface 13c2 of the 
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upper magnetic layer 13 in the step in Fig. 16, the center 
17a and the terminal 17c of the coil layer 17 can be 
directly formed on the back gap layers 22 and 23, 
respectively, so that the manufacturing process can be 
simplified . 

Next, in a step shown in Fig. 18, the coil insulating 
layer 18 composed of an organic insulating material, such as 
a resist or a polyimide resin, is formed so as to cover the 
coil layer 17, and the upper core layer 15 provided with a 
pattern is formed on the coil insulating layer 18 by a 
common method, such as flame plating. As shown in Fig. 18, 
the upper core layer 15 is formed so as to be in contact 
with the upper surface of the upper magnetic layer 13 at the 
front portion 15a of the upper core layer 15 and so as to be 
magnetically coupled with the back gap layer 19 formed on 
the lower core layer 10 at the base portion 15b of the upper 
core layer 15. 

In the case in which the back gap layer 19 is not 
formed, an opening must be formed by etching or the like in 
the underlayer insulating layer 14 covering the lower core 
layer 10. 

In the present invention, since the upper surface 19a2 
of the back gap layer 19 is exposed at the same level as the 
upper surface 13c2 of the upper magnetic layer 13 in the 
step shown in Fig. 16, the base portion 15b of the upper 
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core layer 15 can be directly formed on the back gap layer 
19, so that the manufacturing process can be simplified. 

In addition, in the present invention, in the step 
shown in Fig. 14, the two side faces in the track width 
direction of the lower magnetic layer 11, the gap layer 12, 
and the upper magnetic layer 13 sequentially formed on the 
lower core layer 10 may be polished by ion milling. In this 
case, when the width (the track width Tw) of the upper 
magnetic layer 13 may be formed to be smaller, a thin-film 
magnetic head capable of meeting the desire for narrower 
track configuration can be manufactured- In this step, a 
track of not more than about 0.4 )Lim can be formed. 

When the track width is formed to be about 0.5 \im or 
more, the track width can be determined by the width of the 
groove 51a formed by exposing and developing the resist 
layer 51 shown in Figs. 13 and 19, so that the two side 
faces in the track width direction of the lower magnetic 
layer 11, the gap layer 12, and the upper magnetic layer 13 
are not required to be polished. 

In particular, the track width Tw is preferably formed 
to be about 0.7 |j,m or less, and more preferably, about 0.4 
|am or less. 

Figs. 20 and 21 are cross-sectional views of the thin- 
film magnetic head shown in Fig. 9 for describing the 
manufacturing steps therefor. 
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As shown in Fig. 20, the plating underlayer 11a 
composed of a magnetic material such as a permalloy is 
formed on the lower core layer 10, and the Gd determining 
insulating layer 16 composed of a resist or the like is 
formed on a predetermined position on the plating underlayer 
11a. In addition, the lead electrode layers 24 and 25 for 
the coil layer are simultaneously formed with the lower core 
layer 10. 

In order to form the Gd determining insulating layer 16, 
there are steps of, for example, forming a rectangular 
resist layer composed of an ultraviolet photocurable resin 
as shown in Fig. 11, and sagging the rectangular resist 
layer by post-baking (heating), whereby, as shown in Fig. 20, 
the curved front edge face of the Gd determining insulating 
layer 16 is formed so that the front edge face gradually 
departs from the ABS surface in the height direction from 
the bottom at the lower core layer 10 to the top of the 
front edge face, as indicated by the Z direction in the 
figure. After annealing, the Gd determining insulating 
layer 16 is exposed to ultraviolet light so as to be cured. 

Next, as shown in Fig. 21, the resist layer 51 is 
formed by coating on the lower core layer 10, and the groove 
51a is formed in the resist layer 51 by exposure and 
development thereof, in which the groove 51a has a 
predetermined length extending from the ABS surface in the 
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height direction (the Y direction in the figure) and a 
predetermined width smaller than the width of the Gd 
determining insulating layer 16 in the track width direction 
(the X direction in the figure) as shown in Fig. 19. In 
addition, when the groove 51a is formed, the openings 51b, 
51c, and 51d are simultaneously formed in the back portion 
of the resist layer 51 in the height direction. 

Next, when the lower magnetic layer 11, the gap layer 
12, and the upper magnetic layer 13 are sequentially formed 
by plating in the groove 51a, the back gap layers 28, 29, 
and 30 are simultaneously formed. The back gap layers 28, 
29, and 30 are formed of the same multiple-layer film as a 
laminate formed of the lower magnetic layer 11, the gap 
layer 12, and the upper magnetic layer 13. 

After removing the resist layer 51, the thin-film 
magnetic head in Fig. 9 is obtained through the same steps 
as those described using Figs. 15 to 18. 

When the back gap layers 28, 29, and 30 are formed 
simultaneously with the lower magnetic layer 11, the gap 
layer 12, and the upper magnetic layer 13 which are 
sequentially formed by plating, the number of the 
manufacturing steps can be reduced compared to those in 
which, after forming the lower magnetic layer 11, the gap 
layer 12, and the upper magnetic layer 13, the back gap 
layers are formed by plating in the openings 51b, 51c, and 
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51d formed in the resist layer 51. 

As a method for forming the Gd determining insulating 
layer 16^ the following method may be used in addition to 
the method described above, in which a rectangular resist 
layer composed of an ultraviolet photocurable resin is 
formed and is then sagged by post-baking (heating) . 

As shown in Fig. 22, an inorganic insulating layer 72 
to be a Gd determining insulating layer is formed on a lower 
core layer 10 by a film formation method, such as sputtering 
or deposition, and a resist layer 71 is formed on the 
inorganic insulating, layer 72 (see Fig. 23) . The inorganic 
insulating layer 72 may be formed of Si02, Al203^ or the like. 

Next, the resist layer 71 is heated so as to form a 
sloping face as that formed in the inorganic insulating 
layer 72 (see Fig. 24) . 

In the embodiment, the inorganic insulating layer 72 is 
formed so that the upper surface 10a of the lower core layer 
10 and the upper surface 72a of the inorganic insulating 
layer 72 are parallel to each other and so that an angle 03 
formed by the upper surface 72a of the inorganic insulating 
layer 72 and a front edge face 71a of the resist layer 71 is 
45 to 90°. 

In addition, the inorganic insulating layer 72 is 
etched by dry etching, such as ion milling and reactive ion 
etching (RIE) , using the resist layer 71 as a mask, whereby 
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the Gd determining insulating layer 61 is formed (see Fig. 
25) . The front edge of the inorganic insulating layer 72 
covered with the resist layer 71 is etched so as to have the 
same angle as that at the front edge face of the resist 
layer 71. Accordingly^ an angle 04 formed by the front edge 
face 61b of the Gd determining insulating layer 61 formed by 
dry etching and the upper surface 10a of the lower core 
layer 10 is in the range of about 45 to 90°. 

After removing the resist layer 71 on the Gd 
determining insulating layer 61 (see Fig. 26), through steps 
similar to those shown in Figs. 13 to 18, a lower magnetic 
layer 11, a gap layer 12, an upper magnetic layer 13, back 
gap layers 19, 22, and 23, a coil layer 17, and an upper 
core layer 15 are formed. The magnetic head thus formed is 
the same magnetic head as that shown in Fig. 8. That is, 
the front edge face of the Gd determining insulating layer 
61 at the opposing face (the ABS surface) side is an 
inclining face. 

The angle 01 formed by the upper surface 10a of the 
lower core layer 10 and the virtual plane S3 including the 
top edge 12a and the bottom edge 12b of the contacting face 
between the gap layer 12 and the gap depth determining 
insulating layer 61 and the angle 02 formed by the upper 
surface 10a of the lower core layer 10 and the virtual plane 
S3 including the top edge 12b and the bottom edge lib of the 
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contacting face between the lower magnetic layer 11 and the 
gap depth determining insulating layer 61 are both equal to 
the angle 94 formed by the front edge face 61b of the Gd 
determining insulating layer 61 and the upper surface 10a of 
the lower core layer 10, shown in Fig. 26, Accordingly, 
both angles 91 and 92 are in the range of about 45 to 90°, 
When the Gd determining insulating layer 61 is formed 
of an inorganic material, the Gd determining insulating 
layer can be precisely processed, and hence, variations in 
the gap depth and the thickness of the gap layer can be 
suppressed . 

In the method for manufacturing the thin-film magnetic 
head of the present invention, a Gd determining insulating 
layer in a form other than the Gd determining insulating 
layer 61 may be formed. 

In the step shown in Fig. 24, instead of the inorganic 
insulating layer 72 formed on the lower core layer 10, an 
organic insulating layer may be formed. The Gd determining 
insulating layer 61 may be formed by dry-etching the resist 
layer 71 formed on the organic insulating layer, in a manner 
similar to the step shown in Fig. 25. As a material for an 
organic insulating layer, epoxy resins and novolac resins 
may be used. 

As shown in Fig. 27, when an angle 95 formed by a front 
edge face 27a of a Gd determining insulating layer 27 and an 
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upper surface 10a of a lower core layer 10 is about 80° or 
more, a magnetic head similar to that shown in Fig. 5 is 
formed . 

In this case, an angle formed by the upper surface 10a 
of the lower core layer 10 and a virtual face including the 
top edge and the bottom edge of the contacting face between 
the gap layer 12 and the Gd determining insulating layer 27 
and an angle formed by the upper surface 10a of the lower 
core layer 10 and a virtual face including the top edge and 
the bottom edge of the contacting face between the lower 
magnetic layer 11 and the Gd determining insulating layer 27 
are both about 8 0° or more. 

When the angle 95 formed by the front edge face 27a of 
the Gd determining insulating layer 27 and the upper surface 
10a of the lower core layer 10 is about 80° or more, a 
residual resist 51e may remain in the groove 51a when the 
groove 51a is formed by exposure and development in the 
resist layer 51 covering the Gd determining insulating layer 
27 (see Fig. 28) . 

When the lower magnetic layer 11, the gap layer 12, and 
the upper magnetic layer 13 are sequentially formed by 
plating while the residual resist 51e remains in the groove 
51a, uniform formation of the lower magnetic layer 11, the 
gap layer 12, or the upper magnetic layer 13 may be blocked, 
and as a result, the practical track width of the magnetic 
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head varies, and overwriting characteristics of the magnetic 
head are degraded. 

Accordingly, the angle 95 formed by the front edge face 
27a of the Gd determining insulating layer 27 and the upper 
surface 10a of the lower core layer 10 is preferably formed 
to be about 80*^ or less. However, the angle 05 may be formed 
to be about 8 0® or more. 

EXAMPLES 

The relationship between the P content in NiP formed by 
plating and the saturated magnetic flux density were 
measured. The results are shown in Fig. 30. 

When NiP formed by plating was not heated, the NiP was 
in a nonmagnetic state when the P content was not less than 
11 mass percent. In this state, the NiP had an amorphous 
structure . 

In addition, the relationship between the P content in 
NiP formed by plating and the saturated magnetic flux 
density were measured when NiP formed by plating was heated 
to about 200''C, to about 240°C and to about SOO'^C. 

When amorphous NiP in a non-magnetic state under non- 
heating condition was heated, the NiP turned into a 
crystalline material and had magnetic properties depending 
on the P content . 

As can be seen from the Fig. 30, when the P content in 
the NiP was not less than about 12.5 mass percent, even 



though the NiP was heated at about 200^*0, to about 240°C, and 
to about 300°C, an amorphous structure of the NiP was 
maintained and the non-magnetic state thereof was also 
maintained - 

When the thin-film magnetic head of the present 
invention is actually manufactured, a step for heating the 
thin-film magnetic head in a process to about 200°C or more 
may exist- According to the examples, in the case in which 
the gap layer of the thin-film magnetic head is formed of 
NiP, and the P content in the NiP is not less than about 
12.5 mass percent, even though the thin-film magnetic head 
is heated to about 200^C or more after the gap layer is 
formed, the non-magnetic state of the NiP forming the gap 
layer can be maintained . 

When no heating step exists in a manufacturing process, 
the NiP forming the gap layer is in a non-magnetic state 
when the P content thereof is not less than 11 mass percent. 

In this connection, when NiP is formed by plating, the 
P content therein never exceed about 14 mass percent even 
though P is contained in excess in the plating solution. 
Accordingly, in the present invention, when the gap layer is 
formed of NiP, the upper limiting value of the P content is 
about 14 mass percent . 

In this connection, the P content in the NiP was 
measured by inductively coupled plasma method. 
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According to the present invention described in detail 
hereinbefore, the Gd determining insulating layer for 
determining the gap depth is formed on the lower core layer 
at a predetermined distance extending from the opposing face 
(the ABS surface) opposing a recording medium, and the back 
end of the upper magnetic layer can be extended onto the Gd 
determining insulating layer. That is, the area of the 
interface between the upper core layer and the upper 
magnetic layer can be increased, and the volume of the upper 
magnetic layer can also be increased. Accordingly, the 
restriction of the magnetic flux flowing through the upper 
core layer at the interface can be suppressed, and since the 
magnetic flux easily flows in the upper magnetic layer, 
saturation of the magnetic flux before reaching the gap 
layer can also be prevented. 

That is, in the present invention, leakage flux can be 
reliably generated from the gap layer, and even when 
recording frequency is increased, accurate recording can be 
implemented . 

In addition, in the present invention, the back end of 
the upper magnetic layer is further extended in the height 
direction compared to that of a conventional magnetic layer, 
and on the other hand, the area of the gap layer can be 
maintained to be as small as in a conventional one since the 
back end of the gap layer in the height direction is 



restricted by the front edge face of the Gd determining 
insulating layer. Accordingly, the leakage flux from the 
gap layer may not be decreased. 

In the present invention, the gap layer can be formed 
of a nonmagnetic metal material by plating, and hence, the 
lower magnetic layer, the gap layer, and the upper magnetic 
layer can be sequentially formed by plating. 

In addition, in the present invention, a back gap layer 
composed of a magnetic metal material and/or a nonmagnetic 
metal material is formed in the posterior region of the Gd 
determining insulating layer in the height direction so as 
to be contact with the lower core layer. The upper surface 
of the back gap layer can be formed so as to be at the same 
level of the interface (the reference plane) between the 
upper magnetic layer and the upper core layer and at the 
same level of the surface of the insulating layer covering 
the Gd determining insulating layer and the lower core layer, 
and the base portion of the upper core layer can be formed 
on the back gap layer so as to be magnetically coupled 
therewith, whereby the lower core layer and the upper core 
layer are easily magnetically coupled with each other. 

Furthermore, in the present invention, back gap layers 
composed of a magnetic metal layer and/or a nonmagnetic 
metal layer can be formed on the lead electrode layers 
formed under the insulating layer, the upper surfaces of the 
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back gap layers can be formed so as to be at the same level 
of the reference plane and the upper surface of the 
insulating layer, and the back gap layers and the terminals 
of the coil layer can be electrically connected with each 
other, whereby the coil layer and the lead electrode layers 
can be easily connected with each other. 

In addition, in the present invention, when the angle 
formed by the upper surface of the lower core layer and the 
virtual plane including the top edge and the bottom edge of 
the contacting face between the gap layer and the gap depth 
determining insulating layer is set to be in the range of 
about 45 to 90^, degradation in writing characteristics of 
the thin-film magnetic head can be prevented. 

Furthermore, in the present invention, when the angle 
formed by the upper surface of the lower core layer and the 
virtual plane including the top edge and the bottom edge of 
the contacting face between the lower magnetic layer and the 
gap depth determining insulating layer is set to be in the 
range of about 45 to 90°, degradation in writing 
characteristics of the thin-film magnetic head can also be 
prevented . 



